The cell wall material of Caragana sinica was fractionated by successive extractions with distilled water at 80 °C for 2 h, 70% ethanol, 70% ethanol containing 1% NaOH, 1 M KOH, 1 M NaOH, 3 M KOH, and 3 M NaOH at 75 °C for 3 h. The sequential treatments resulted in a total dissolution of 86.7% of the original hemicelluloses and 80.1% of the original lignin from dewaxed C. sinica. The current results showed that the four alkali-soluble hemicellulosic preparations, comprising almost 80% xylose of the total neutral sugars, were more linear and acidic, but lower molecular weights ( w , 28420-55140 g/mol) than the other two organosolv-soluble hemicelluloses ( w , 57930-96470 g/mol). The 1 M KOH-soluble hemicellulosic fraction was characterized by sugar analysis and 1D, 2D NMR spectroscopy and was found to be composed of a linear (1→4)-β-D-xylopyranosyl main chain with a 4-Omethylglucuronic acid substituting the C-2 position of approximately every eight xylose unit, which is typical of a hardwood acidic 4-O-methylglucuronoxylan (MGX).
Introduction
In recent years, due to growing environmental awareness, considerable attention has been given to the development and production of natural fibre reinforced polymer (both thermoset and thermoplastic) composites. The interest of using hemicelluloses as a renewable resource for new oligomeric and polymeric products is currently increasing. After cellulose, the next major polysaccharide resource is plant hemicelluloses. It consists of D-xylose, D-mannose, D-glucose, D-galactose, D-glucose, L-arabinose, 4-O-methyl-glucuronic, D-galacturonic and D-glucuronic acids. Sugars are linked together by β-1,4-and occasionally β-1,3-glycosidic bonds [1] . The most abundant hemicellulose constituent of hardwood is O-acetyl-(4-O-methylglucurono)-xylan. Previous studies showed that these hardwood xylans from a family of polysaccharides, which consist of a backbone of (1→4)-β-D-xylopyranose residues, with, on average, one α-(1→2)-linked 4-Omethylglucuronic acid (MeGlcA) substituent per 10-20 such residues [2] . In plants, the xylopyranosyl can be substituted in C-2 and/or C-3 by short and flexible side chains [3] .
Shortage of the natural energy sources and replacement of petroleum-based products, which is connected with the demand for solution of worldwide environmental problems, are the main driving forces for the research of biopolymers from renewable sources. Conversion of the hemicelluloses to useful products may provide a fundamental solution to the problems mentioned above [4] . Hemicelluloses are considered to be an almost inexhaustible source of raw material for the environmentally friendly and biocompatible products [5] . Hemicelluloses serve as a connection between the lignin and the cellulosic fibers and give the whole cellulose-hemicelluloses-lignin network more rigidity [6] . So it is difficult to separate them without significant modification of their structures. The hemicelluloses can be separated by various extraction and isolation methods. By these processes, shrubs can be simply fractioned into alkali-soluble lignin and hemicelluloses, and residues, which make it easy to utilize them for more valuable products. The end residues (mainly cellulose), can be used for papermaking and cellulose derivatives. The lignin can be converted to valuable products, such as carbon fibre and adhesives [7] . The hemicelluloses can be utilized in a number of ways. In monomeric form they can be fermented to ethanol or xylitol [8, 9] , in oligomeric form they have considerable potential for application in foods [10] , and in polymeric form they have been tested as thermoplastic materials [11] , as fillers for polypropylene [12] , as a coating for cellulosic fibers [13] , as hydrogels [14, 15] , and as bio-degradable barrier films for food packaging [15, 16] .
Organosolv treatment (based on the utilization of organic solvents as delignification media) allows the fractionation of the lignocellulosic substrates to give chlorine-free lignin, cellulose, and valuable hemicellulose degradation products, providing a superior approach from the point of view of the biomass utilization. The easy recovery of solvent and the efficient pollution control are important features of these kinds of processes [17] . Up to now, compared with acid or oxidative regents, alkali treatment appears to be the most effective method in breaking the ester bonds between lignin, hemicellulose and cellulose, and avoiding fragmentation of the hemicellulosic polymers [18] . In these conditions, carbohydrates are less damaged and delignification is more efficient. However, the chemical structures of lignin and hemicelluloses from shrubs like Caragana sinica are different and less studied compared with sugarcane bagasse [19] and wheat straw [20] in our previous research works. Moreover, the presence of hydroxycinnamic acids, such as p-coumaric and ferulic acids, in the cell walls results in a more difficult characterization of the two polymers from lignocellulosic biomass [21] .
Recently, there has been considerable interest in the potential for using forest and agricultural residues as industrial feedstock in response to the increasing cost of manufacturing and uncertain future availability of wood fibre. C. sinica, a relatively new and potential wood source of fibre planted in the desert region in China to prevent wind erosion and control desertification, has a considerable economical and ecological importance. This shrub generates a large amount of residues, because stems of plant are cut once every 3 or 4 years to make it flourish [22] . They not only have a great importance for reforestation of deserts but also provide wood, fuel, fodder, etc. Since the above plant materials are available in the shrubs producing regions during all the year, they can be an important industrial source of fibres and chemicals, thus constituting additional economical profit to farmers. To date, a minor part of this raw material is used for the production of fibreboard, most of the remaining plant material is unexploited. Therefore, investigations To the best of our knowledge, no survey has been reported in which carbohydrate-derived fractions from C. sinica are characterized with respect to their hemicellulosic polymers. Since structure and functions are intimately related, knowledge of the chemistry of this material is of crucial importance for its proper utilisation. Hence, the present study aims at isolating hemicellulosic polymers and lignin from the cell wall of C. sinica and determining their structure features. Scheme for the successive treatments of C. sinica, and the isolation of hemicelluloses and lignin solubilized are schematically illustrated in Figure 1 . Using sugar analysis, nitrobenzene oxidation, gel permeation chromatography (GPC), Fourier transform infrared (FT-IR), one-and two-dimensional NMR spectroscopy, we have been able to provide significant evidence on the elucidation of the original hemicellulose and lignin structures together with the relationship between them.
Results and discussion

Fractional yield of hemicelluloses
The hemicellulosic polymer is a mixture of a number of different polysaccharides, and the yield and composition of the polymer can vary depending on the method of isolation. To isolate the pure hemicelluloses, a prior treatment of the material by extraction with organic solvents is required to remove the non-cell wall components such as wax. It was found that the pre-treatment with toluene-ethanol (2:1, v/v) under the condition used removed almost all of the wax and other extractives with a combined yield of 5.9% dry matter. As can be seen from Table1, following treatment with distilled water for 2 h at 80 °C released 7.3% dry weight of the dewaxed C. sinica, which contained 4.9% water-soluble hemicelluloses together with some amounts of lignin, protein, ash, and starch. Similar results have been found in our previous studies on low molecular weight of hemicelluloses obtained by extraction with distilled water from wheat straw [23] and ryegrass leaves [24] . In addition to distilled water, aqueous ethanol has an effect on fractionation of wood. During organosolv treatment, lignin is also dissolved or degraded by cleavage of such bonds as α-aryl ether and β-aryl ether linkages in the lignin macromolecule, which results in an increase in release of the hemicellulosic polymers. As data shown in Table 1 , using ethanol instead of organic acids resulted in lower yield of the degraded hemicelluloses (0.1%) and lignin (1.1%). Since alcohols used in the treatment medium would not be likely to change the reactivity of hemicelluloses and lignin towards acid significantly. The beneficial effect of alcohol may be ascribed to either improved lignin solubility or its reduced tendency towards condensation. Furthermore, the lower yield of the degraded hemicelluloses obtained during the alcohol treatment of C. sinica can be explained by the positive action of ethanol on suppression of pelling reaction of the polysaccharides in neutral organosolv medium. The action of alcohols as radical scavengers also suppresses the hydrolysis of hemicelluloses [25] . Interestingly, when 1% NaOH was added to 70% ethanol aqueous solutions led to an increase of solubilized hemicelluloses from 0.1% to 11.2%, suggesting that a large proportion of hemicelluloses can be solubilized with 1% NaOH in 70% ethanol aqueous solutions. On the basis of extractability of the C. sinica with application of NaOH aqueous solution, the result showed that NaOH assisted extraction produced a significantly higher yield of hemicelluloses and lignin than those of the procedure without NaOH aqueous solution by 35.1% of the original hemicelluloses and 33.0% of the original lignin, respectively. These facts showed that most of the hemicelluloses and lignin was easily extracted with even weak alkali (1% NaOH).
High concentrations of hydroxide resulted in higher yield of extraction, indicating a disruption of stronger linkages, such as ester bonds present between hemicelluloses and lignin. As expected, the sequential alkali extractions of the dewaxed C. sinica with 1 M KOH, 1 M NaOH, 3 M KOH, and 3 M NaOH at 75 °C for 3 h solubilized 13.7, 12.3, 7.7, and 8.6% of the original lignin and 14.8, 7.4, 6.5, and 7.2% of the original hemicelluloses. Taken together, after treatment with distilled water at 80 °C for 2 h, and the successive treatments with 70% ethanol, 70% ethanol containing 1% NaOH, 1 M KOH, 1 M NaOH, 3 M KOH, and 3 M NaOH at 75 °C for 3 h resulted in a total dissolution of 86.9% of the original hemicelluloses and 80.1% of the original lignin. Additionally, the yield of white crude cellulose (% dried weight of sample) obtained after successive treatments, was found to be 46.2% (data not shown) from C. sinica. These results indicated that a mixture of organic solvent and water under the conditions used significantly cleaved the α-ether bonds between lignin and hemicelluloses from the cell wall of C. sinica, resulting in a substantial dissolution of hemicellulosic polysaccharides and lignin macromolecules. It also verified that alkaline organic solvent extraction is one of the most important tools in the structural characterization of the cell wall polymers from the lignocellulosic materials.
Composition of neutral sugars and content of uronic acids
The isolated hemicellulosic preparations and crude cellulose were hydrolysed and analysed for their monosaccharide content. The results are listed in Table 2 . Obviously, glucose (38.0%), arabinose (23.1%), and galactose (21.6%) are the major sugar components of the water-soluble hemicelluloses H w . These data suggested that the more branched hemicelluloses were easily extracted by the distilled water treatments, which were rich in glucose, probably originating from α-glucan and pectic polysaccharides. Obviously, the organosolv-soluble hemicelluloses H 1 contained glucose (73.1%), xylose (13.9%), and galactose (5.2%) as the major neutral sugars. Arabinose and mannose were present in relatively very small amounts (a total of 5.2%). On the contrary, the H 2 fraction contained nearly 40% xylose, and the next most abundant sugar being arabinose, accounting for 27.4%. Galactose (11.8%), rhamnose (4.9%) and glucose (2.8%) were identified in minor quantities. On the other hand, the most abundant sugar of the four alkali-soluble hemicellulosic fractions was xylose, comprising 74.2-82.1% of the total neutral sugars. Most of the xylose residues probably originated from the xylan backbone. The presence of noticeable amounts of uronic acids (8.1-12.2%), mainly 4-O-methyl-α-D-glucopyranosyluronic acids (MeGlcA), indicated that the four hemicellulosic fractions were additional substituted with 4-O-methyl-α-D-glucopyranosyluronic acids. Minor amounts of arabinose (2.9-7.0%), glucose (1.1-4.8%), galactose (1.4-4.2%), and rhamnose (0.1-1.8%) showed presence of short side chains of the hemicellulosic preparations. High contents of xylose and uronic acids, but lower contents of arabinose, glucose, galactose, and rhamnose of the four alkali-soluble hemicellulosic fractions H 3 -H 6 than the one water-soluble hemicellulosic preparations H w and two organosolv-soluble hemicelluloses H 1 and H 2 revealed that the former four alkali-soluble hemicelluloses (H 3 -H 6 ) were more linear and acidic, and had a lower degree of substitution, than those of the later three hemicelluloseic fractions (H w -H 2 ). Furthermore, Table 2 also reported the molar ratios of uronic acids to xylose, which were 1:1.4 and 1:13.5 for H w and residue, respectively, and around 1:9.0 for the other hemicellulosic fractions. It means that the hemicelluloses isolated from dewaxed C. sinica, having 9 of 100 xylose residues on the average substituted by MeGA residues, which is close to the average MeGA/Xyl ratio (1:10) found in 4-O-methylglucuronoxylans from hardwoods as observed by Ebringerová et al. [26] .
Analysis of the residue fraction showed that the successive treatments used to extract the dewaxed C. sinica were not able to solubilise all the hemicellulosic substances. Table 2 lists the sugar composition of the residues. Clearly, glucose was the predominant sugar composition (86.5%). The substantial amount of glucose corresponded to the higher in cellulose content and the lower in residual hemicelluloses in the residue. However, the residue still contained a noticeable amount of xylose (10.5%), and a minor quantity of arabinose (1.2%), verifying again that the hemicelluloses are tightly bound to the cell wall component, cellulose.
Content of associated lignin and its phenolic composition
It is commonly assumed that lignin is tightly linked to hemicelluloses in the cell walls of plants by various linkage types, such as ether linkage of the hydroxyl group at the α-position of the lignin side chain with alcoholic hydroxyl of sugar residue, ester linkage of the alcohol OH of lignin with the carboxylic group of uronic acid, ester linkage of the carboxylic group of the cinnamic acid unit in lignin with the alcoholic OH of polysaccharides, and glycoside linkage with the primary alcoholic OH at the γ-position of the phenylpropane unit [27] . To verify the lignin associated in the isolated hemicelluloses, the six hemicellulosic fractions were performed under alkaline nitrobenzene oxidation at 170 °C for 3 h in a sealed Teflon-lined autoclave, and the results are given in Table 3 . As expected, we found that a substantial cleavage of α-ether linkages between lignin and hemicelluloses occurred during the treatments as shown by a relatively low content of bound lignin, ranging between 0.27 and 2.43% in the isolated hemicellulosic fractions. The major products obtained from the alkaline nitrobenzene oxidation of the associated lignin in the six polysaccharide fractions were identified to be syringic acid (0.03-0.44%), p-hydroxybenzoic acid (0.04-0.38%) and vanillin (0.03-0.26%). Syringaldehyde and vanillic acid were found in noticeable amounts, and p-hydroxybenzoic acid, acetovanillone, acetosyringone, and the hydroxycinnamic acids, such as p-coumaric acid and ferulic acid, were not detected in the conditions used. Moreover, as shown in Table 3 , a higher amount of associated lignin in the two NaOH-soluble hemicellulosic fractions (0.47 in H 4 and 0.67 in H 6 ) than in the two KOH-soluble hemicellulosic preparations (0.27 in H 3 and 0.34 in H 5 ) revealed that the linkages between lignin and hemicelluloses were more readily cleaved during the aqueous KOH solutions, which were coincident with sugar analysis in Table 2 .
Molecular mass of hemicelluloses
The molecular mass of the seven hemicellulosic fractions was characterized by gel permeation chromatography (GPC), and their weight-average ( w ) and number-average (M n ) molecular weights and polydispersity (M w /M n ) were determined. The results are listed in Table 4 .
Tab. 4. Weight-average ( w ) and number-average ( n ) molecular weights and polydispersity ( w / n ) of the hemicellulosic preparations isolated from dewaxed C. sinica. Clearly, the fraction of water-soluble hemicelluloses H w showed a much lower degree of polymerization with a M w value of 9760 g/mol than the two organosolvsoluble hemicellulosic fractions (H 1 , H 2 ) and the four alkali-soluble hemicellulosic preparations (H 3 -H 6 ), ranging from 45520-96470 g/mol. This suggested that the first treatment with distilled water in the absence of ethanol or alkali solubilized the small molecular size of hemicelluloses. In other words, this indicated that the addition of ethanol or alkali during the extraction resulted in a higher molecular weight of the hemicelluloses than the use of distilled water alone. As shown in Table 4 , the following treatment with 70% ethanol released the macromolecular hemicelluloses as shown by their  w value of 96470 g/mol. Moreover, an increase in alkali concentration from 1% NaOH to 3 M KOH led to a decrement of M w from 57930 to 28420 g/mol, implying that a degradation of hemicelluloses occurred during the treatment with alkali solution. Additionally, the analysis showed that the two ethanol-soluble hemicelluloses gave a much broad molecular weight distribution, corresponding to polydispersity indexes of 2.3 for H 1 and 2.4 for H 2 as compared to those of the one water-soluble hemicelluloses and the four alkalisoluble hemicelluloses having a much narrow molecular weight distribution with polydispersity indexes between 1.4 and 1.8.
Sugars (%)
FT-IR spectra
FT-IR spectroscopy has been extensively applied in plant cell wall investigations and allows thorough monitoring of the functional groups in the polymers [28] . The FT-IR spectra of hemicellulosic fractions released during the treatment with 70% ethanol (sample H 1 ), and 70% ethanol containing 1% NaOH (sample H 2 ) at 75 °C for 3 h from dewaxed C. sinica are shown in Figure 2 . All the spectra are dominant by signals in the region 3300-2800 cm -1 , which can be ascribed stretching vibrations of CH and OH, respectively [29] . In the carbonyl stretching region, an intensive signal at 1633 cm -1 is due to the absorbed water, since hemicelluloses usually have a strong affinity for water. In particular, all the spectra show the strongly increased intensity of the spectral patterns in the region of 1200-1000 cm -1 with absorption bands typical for xylans, and asymmetrical and symmetrical stretching of -COO -groups at 1609 cm -1 and 1418 cm -1 , respectively [28] . A low intensity shoulder at 1097 cm -1 is assigned to arabinose substitution at C-3 of the xylose residues [30] . Moreover, a sharp band at 1024 cm -1 in H 2 is indicative of xylans, suggesting predominant xylans of the alkaline organosolvsoluble hemicelluloses, which is in agreement with the results obtained by sugar analysis in Table 2 . An absorbance at 1160 cm -1 in H 1 is dominated by glycosidic linkages (C-O-C) contribution [31] . The band at 1322 cm -1 in all the fractions is associated with C-H bending and wagging and O-H bending. The occurrence of a small band at 1517 cm -1 in H 1 arises from the lignin in the hemicelluloses, which indicates the aromatic skeletal vibrations in lignin. In addition, a sharp band at 1262 cm -1 relates to C-O symmetric stretching in ester. In the carboxyl stretching region, a small signal at 1739 cm -1 in the spectra H 1 of the organosolv-soluble hemicellulosic fraction is unambiguously identified due to the acetyl and uronic ester group of the hemicelluloses or from the ester linkage of carboxylic group of the ferulic acid [32] , whereas the absence of this signal in the spectra H 2 of the alkaline organosolv-soluble hemicellulosic preparation reveals that the alkaline treatment under the condition used completely saponified this ester bond from the hemicelluloses. Naturally occurring hemicelluloses also contain O-acetyl groups located at some of the hydroxyl groups often removed by alkali during the hemicellulosic isolation process [33] . shown in the four spectra are associated with hemicelluloses. . The band at 1341 cm -1 is assigned to OH in-plane bending. The occurrence of a very small band at 1508 cm -1 in spectra of H 4 and H 6 is largely due to the presence of small amounts of associated lignin in the hemicelluloses, which is consistent with the results obtained by alkaline nitrobenzene oxidation in Table 3 . A relatively sharp absorption band at 897 cm -1 in H 5 , which is assigned to the C-1 group frequency or ring frequency, is indicative of β-glycosidic linkages between the xylose units in the hemicelluloses [34] , suggesting that the xylose residues forming the backbone of the macromolecule are linked by β-form bonds.
1D and 2D NMR spectra
From a structural point of view, NMR spectroscopic analysis can provide useful information required to establish the structure of xylans [35] . To characterize branching points and their anomeric configuration, and to determine the sequence of monomers, 1 H and 13 C NMR spectra are given in Figure 4 for the 3 M KOHsoluble hemicellulosic fraction H 3 of C. sinica. The complete assignments of the proton and carbon spectra were achieved by performing 2D HSQC experiment ( Figure 5) , and the corresponding chemical shifts are reported in Table 5 .
Examination of the proton spectrum of 3 M KOH-soluble hemicellulosic fraction H 3 ( Figure 4A Signal at 60.88/3.77 ppm corresponded to C-6 of the glucopyranosyl residues [38] . Other characteristic signals were at 181.52 ppm (carbonyl signal in -COOC group), and 23.37 ppm (-CH 3 in CH 3 CO-group). The absence of important signals between 110 and 170 ppm indicated that the hemicelluloses were relatively free from contaminating phenolics [39] , corresponding to the absence of bands at 1505-1515 cm -1 of the aromatic ring vibrations in the FT-IR spectra (Figure 3 ).
The proton spectrum of the 3 M KOH-soluble hemicellulosic preparation H 3 showed three doublets in the anomeric region assigned to (1→4)-β-D-Xylp, Table 2 , which meant an almost complete hydrolysis of the GlcpA→Xylp linkage. Additionally, this value obtained for H 3 examined here represented the typical characteristic of a hardwood 4-O-methylglucuronoxylan (MGX).
As may be gathered from the results of sugar analysis, FT-IR, and NMR spectra, we can generalize a conclusion that the structure of H 3 consists of a (1→4)-β-Dxylopyranosyl backbone with 4-O-methylglucuronic acid side chain at the 2-position of the xylose units and exhibits a specific xylose to 4-O-Me-α-D-GlcpA ratio estimated to be 8 
Conclusions
The current results showed that the successive extractions with distilled water at 80 °C for 2 h, 70% ethanol, 70% ethanol containing 1% NaOH, 1 M KOH, 1 M NaOH, 3 M KOH, and 3 M NaOH at 75 °C for 3 h, offered the possibility to separate hemicelluloses and lignin with a high yield and purity. It was found that 70% ethanol containing 1% NaOH under the condition used significantly cleaved the α-ether bonds between lignin and hemicelluloses from the cell wall of C. sinica, resulting in a substantial dissolution of the polymers of hemicellulosic polysaccharides and lignin macromolecules. Furthermore, these results also revealed that the four hemicellulosic fractions solubilized by alkali were more linear, and had a lower degree of substitution, than those solubilized by distilled water and 70% ethanol. The ratio Xyl/4-O-Me-α-D-GlcpA was estimated to give a value of 8.2:1, which were consistent with sugar composition data (Xyl/UA, 8.3:1). Thus the proton NMR data indicated the presence of approximately eight xylose units per uronic acid residue. As may be gathered from the results of sugar analysis, FT-IR, and NMR spectra, we can generalize a conclusion that the structure of H 3 consists of a (1→4)-β-D-xylopyranosyl backbone with 4-Omethylglucuronic acid side chain at the C-2 position of the xylose units. Further research will include investigations about the modification analysis, biological activity and rheological characteristic of hemicelluloses. Additionally, the properties of the lignin isolated here will undergo further study.
Experimental part
Materials
The manually separated C. sinica was ground and sieved to particle size 1-2 mm. It was further dried again in a cabinet oven with air circulation for 16 h at 50 °C. The composition (%, w/w) of C. sinica was cellulose, 39.6%, hemicelluloses, 31.8%, and lignin, 22.5%, on a dry weight basis. KOH and NaOH and other chemicals were of analytical grade and were purchased from Beijing Chemical Reagent Factory, China. All yields and composition analyses were calculated on moisture-free basis and represent mean values of at least two experiments.
Fractionation and isolation of hemicelluloses
The extractive free powder (10 g) was first treated with 250 mL H 2 O at 80 °C for 2 h. After the solution was filtered, the residue was washed with distilled water, and then oven-dried at 60 °C for 16 h. The supernatant was neutralized to pH 5.5 with 6 M HCl, concentrated on a rotary vacuum evaporator under reduced pressure to approximately 50 mL, and then mixed with 3 volumes of 95% ethanol (12 h, 25 °C) for isolation of hemicelluloses. To obtain organosolv-soluble hemicellulosic preparation, the above residues were successively treated with 70% ethanol and 70% ethanol containing 1% NaOH at 75 °C for 3 h. After the solution was filtered, the residue was washed with distilled water, and then oven-dried at 50 °C for 16 h. The supernatant was neutralized to pH 5.5 with 1 M HCl, concentrated on a rotary vacuum evaporator under reduced pressure to approximately 50 mL, and then mixed with 3 volumes of 95% ethanol (12 h, 25 °C) for isolation of hemicelluloses.
To obtain alkali-soluble hemicellulosic preparations, the above residue was successively extracted with 1 M KOH, 1 M NaOH, 3 M KOH, and 3 M NaOH with a solid to liquor ratio of 1:25 (mL/g) for 3 h at 75 °C. The supernatant was neutralized to pH 5.5 with 6 M CH 3 COOH or HCl, concentrated on a rotary vacuum evaporator under reduced pressure to approximately 50 mL, and then mixed with 3 volumes of 95% ethanol (12 h, 25 °C) for isolation of hemicelluloses. Note that the fraction 1 (H w ) represent the hemicellulosic fraction extracted with distilled water, and the fractions 2 (H 1 ) and 3 (H 2 ) represent the hemicellulosic preparations extracted successively with 70% ethanol and 70% ethanol containing 1% NaOH, and the fractions 4 (H 3 ), 5 (H 4 ), 6 (H 5 ), and 7 (H 6 ) represent the hemicellulosic fractions extracted successively with 1 M KOH, 1 M NaOH, 3 M KOH, and 3 M NaOH from C. sinica. The residue of C. sinica was considered to be crude cellulose fraction. All experiments were performed at least in duplicate.
Structural and physiochemical characterization of hemicelluloses
Sugar composition, and molecular weights of the hemicellulosic samples, and alkaline nitrobenzene oxidation of lignin associated with hemicellulosic fractions were determined according to the literature [40] . FT-IR spectra were obtained on an FT-IR spectrophotometer (TENSOR 27) using a KBr disk containing 1% finely ground samples. Thirty two scans were taken for each sample recorded from 4000 to 400 cm -1 at a resolution of 2 cm -1 in the transmission mode. Prior to Fourier transformation, the data matrixes were zero filled up to 1024 points in the 13 C-dimension. Data processing was performed using standard Bruker software.
